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Multi-mode optical fiber spot focusing based on particle

swarm genetic fusion optimization algorithm
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(Key Laboratory of Hunan Province on Information Photonics and Freespace Optical Communications,

School of Artificial Intelligence , Hunan Institute of Science and Technology , Yueyang 414006, China)

Abstract: To enhance the precision and efficiency of spot focusing using multimode optical fibers, this paper proposes
and experimentally validates a novel spot focusing scheme based on a hybrid particle swarm-genetic optimization algorithm.
The proposed scheme begins with the measurement of the optical transmission matrix of the multimode fiber, utilizing the ini-
tial transmission matrix to achieve spot focusing. Subsequently, the focusing enhancement factor is employed as the objective
function to optimize the optical transmission matrix and improve focusing performance through the hybrid particle swarm-
genetic algorithm. Experiments were conducted to investigate both single-point and multi-point focusing scenarios. The re-
sults demonstrate that in single-point focusing, the enhancement factor for most target positions can be approximately
doubled after optimization with the hybrid algorithm. Specifically, the enhancement factor at the central position reached
45.08, which is 2.41 times the value before optimization. Compared to the particle swarm and genetic algorithms individu-
ally, the hybrid algorithm improved focusing performance by 73.62% and 34.09% , respectively. In multi-point focusing, the
dual-point focusing enhancement factor increased from 10.90 before optimization to 27.02 with the hybrid algorithm, repre-
senting improvements of 44.49% and 3.86% over the particle swarm and genetic algorithms, respectively. For three-point fo-
cusing, the enhancement factor of 20.65achieved with the hybrid algorithm was 2.83 times the pre-optimization value, sur-

passing the results of 15.55 and 19.02 obtained with the particle swarm and genetic algorithms, respectively. These findings
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indicate that the proposed scheme significantly enhances the spot focusing performance of multimode optical fiber systems.

Keywords: multimode fiber; spot focusing; transmission matrix; fusion optimization algorithm
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